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ABSTRACT 
LiteSteel Beam (LSB) is a new cold-formed steel beam produced by OneSteel Australian 
Tube Mills (OATM). The new beam is effectively a channel section with two rectangular 
hollow flanges and a slender web, and is manufactured using patented dual electric 
resistance welding and automated roll-forming technologies. OATM is promoting the use of 
LSBs as flexural members in residential construction. When LSBs are used as back to back 
built-up sections, they are likely to improve their moment capacity. However, the research 
project conducted on the flexural behaviour of back to back built-up LSBs showed that the 
detrimental effects of lateral distortional buckling in single LSB members appear to remain 
with back to back built-up LSB members. The ultimate moment capacity of back to back LSB 
member is also affected by lateral distortional buckling failure. Therefore an investigation 
was conducted with an aim to develop suitable strength improvement methods, which are 
likely to mitigate lateral distortional buckling effects and hence improve the flexural strengths 
of back to back LSB members. This paper presents the details of this investigation, the 
results and recommendations for the most suitable and cost-effective method, which 
significantly improves the moment capacities of back to back LSB members. 
  
 
1. INTRODUCTION 
 
LiteSteel Beam (LSB) is a new cold-formed steel beam produced by OATM. The new beam 
is effectively a channel section with two rectangular hollow flanges and a slender web 
(Fig.1). The LSB has a unique shape with superior torsional strength properties. OATM is 
now promoting the LSBs as floor joists and bearers. Built-up LSB sections are expected to 
improve their flexural capacity and to expand their usage to long span applications. They can 
be fabricated using a back to back configuration as shown in Fig.1. Finite element analyses 
and tests into the flexural member behaviour of back to back LSBs showed that the 
detrimental effects of lateral distortional buckling in single LSB members appear to remain 
with back to back built-up LSB members. The ultimate moment capacity of back to back 
LSBs is also affected by lateral distortional buckling failure, in particular for intermediate 
spans. Eliminating the effects of lateral distortional buckling will lead to improved flexural 
strengths of back to back LSBs. Thus an investigation was conducted with an aim to develop 
suitable strength improvement methods, and hence improve the flexural strengths of back to 
back LSB members.   
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                       Figure 1: Built-up LiteSteel beams [1]                          Figure 2: Lateral Distortional Buckling 
 
The back to back LSB members exhibit two different types of lateral buckling modes namely, 
lateral distortional buckling and lateral torsional buckling. During lateral distortional buckling 
failure, the web elements distort while the top and bottom flanges rotate as seen in Figure 2. 
Effective strength improvement methods are expected to eliminate web distortion and hence 
their critical buckling mode will become lateral torsional buckling mode. Past research has 
shown that the use of some connection methods and stiffeners significantly improved the 
flexural strength of hollow flange beams [2-4]. In this investigation, the use of potential 
connection methods and stiffeners was investigated to determine whether they are capable 
of eliminating lateral distortional buckling and thus significantly improve the flexural strength 
of back to back LSBs. This paper presents the details of this investigation, the results and 
recommendations for the most suitable and cost-effective method which significantly 
improves the flexural strength of back to back LSBs. 
 
 
2. STRENGTH IMPROVEMENT METHODS 
 
2.1. Use of spot welding and “C” brackets  
Different connection methods were considered in this study. Firstly, Back to back LSBs were 
spot welded on the outside flanges at a spacing of span/6 instead of fastener connections on 
the webs (Fig.3(a)). “C” brackets were used next to connect the hollow flanges together 
(Fig.3(b)). Different “C” bracket thicknesses of 2 mm to 5 mm were screw fastened to 
flanges. The results obtained from numerical studies confirmed that any attempt to use a 
connection to keep the hollow flanges together (spot-welding or “C” brackets) is unlikely to 
provide any strength improvement for back to back LSBs. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Back to back LSBs connected using spot welding and “C”-shaped brackets 
 
2.2. Use of side plates bolted to web elements of LSBs 
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(a) Web side plates connected from outside (WPO)   (b) Web side plates between the web elements (WPB)  
Figure 4: Back to back LSBs with web side plates     
In this method, 5 mm side plates were firmly connected to the web elements in two different 
ways. Additional fasteners (bolts) are not required as the side plates are provided as part of 
the standard fastener connections. Side plates were connected to the web elements of back 
to back LSBs either from outside (WPO) or between the individual LSBs (WPB) using 
fasteners as shown in Figs.4 (a) and (b). The use of web side plates provided noticeable 
improvement compared to other connection methods considered here. However, it is still 
inadequate as the improvement to elastic buckling moments was still less than 15%. 
      
2.3. Web stiffeners 
Based on the literature review [2-4] and the preliminary study it was considered that the use 
of web stiffeners is likely to improve the moment capacity of back to back LSBs. Thus a 
detailed study was conducted using different web stiffener types and sizes.   
 
Simple Plate Type Stiffener 
Plate stiffeners can be fixed to the flanges of back to back LSBs in either transverse or 
longitudinal direction (Figs.5 (a) and (b)). Longitudinal stiffeners (Figure 5 (b)) bend about 
their weak (minor) axis and are not suitable. Use of angle sections can eliminate this problem 
to some extent (Fig.5 (c)). The results confirmed that the use of transverse web stiffeners 
(TWS) considerably improves the elastic buckling moment capacities of back to back LSBs 
(20-23% for a  3m span). However, longitudinal web stiffeners (WSL) did not work effectively 
while use of angle sections (WSLA) instead of longitudinal plate stiffeners did not noticeably 
improve the elastic buckling moments. From this we can conclude that transverse stiffeners 
significantly improve the lateral distortional buckling behaviour.  
 
   
Figure 5: Plate and Angel Type Stiffeners 
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Figure 6: “C” Brackets and Box Stiffeners 
 
“C” Brackets and Box Stiffeners 
An attempt was also made to verify the use of “C” brackets and box stiffeners to improve the 
elastic lateral distortional buckling capacities of back to back LSBs. Figure 6 shows the “C” 
brackets and box stiffeners (an extension of “C” brackets) attached to the back to back LSB 
members. The numerical results show that both “C” brackets and box stiffeners slightly 
improve the lateral buckling behaviour of back to back LSBs, in particular the box stiffeners. 
However, both stiffeners are less effective compared to transverse web stiffeners.  
 
Use of transverse web stiffener (TWS) was considered as the most suitable, simple and 
cost-efficient strengthening method. Hence further studies were undertaken.    
                             
 
3. TRANSVERSE WEB STIFFENER 
 
3.1. Finite element models of back to back LSBs with transverse web stiffener 
This research entails the development of two finite element models, namely ideal and 
experimental models. Ideal models of back to back LSBs were based on ideal simply 
supported conditions and a uniform moment which give a lower bound solution. Experimental 
models were used to simulate the actual experimental test conditions. Details of these 
models of back to back LSBs without web stiffeners are given in [5]. These validated models 
were modified by including the required web stiffeners in this research. In experiment model, 
the flanges are free to rotate at the supports. Local flange twist at the supports does not 
allow the web stiffeners used within the span to work effectively. Hence it is recommended 
that web stiffeners are also used at the supports [6]. Thus the parametric studies of the 
transverse web stiffeners on the lateral buckling behaviour of back to back LSBs was based 
on ideal finite element models instead of experimental finite element models as the former 
does not allow local flange twist at the supports. 
 
Figure 7 shows the typical ideal finite element model of LSBs with transverse web stiffeners. 
Idealised simply supported conditions were used at the support while symmetric boundary 
conditions were applied at mid-span. Using longitudinal compression and tension nodal 
forces a uniform moment was created about the major axis at the support. Due to the 
symmetry of beam, only half the span was modelled and symmetric boundary conditions 
were applied at mid-span. Shell elements (S4R5) with an optimum size of 5 mm × 10 mm 
were used. A simplified bi-linear stress-strain curve with no strain hardening was used [5]. 
Web stiffeners were modelled using S4R5 shell elements. Five mm thick web stiffeners were 
generally used with a yield stress of 250 MPa. An initial geometric imperfection of L/1000 
and residual stresses were considered in the nonlinear analyses. The web stiffeners were 
firmly connected to the inside flanges to simulate the welding connection. 
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Figure 7: Load and boundary conditions of ideal finite element model of back to back LSB with web stiffeners 
 
3.2. Nominated web stiffener thickness and spacing 
Based on the numerical studies, a stiffener spacing of span/3 was recommended which will 
effectively improve the lateral buckling moment capacities of back to back LSBs while giving 
a cost effective solution. In addition to that it was recommended that 5 mm thick web 
stiffeners are used, however, thinner web stiffeners of 3 mm or 4 mm can be considered for 
smaller LSBs such as 125×45×2.0 LSB, 125×45×1.6 LSB, 150×45×2.0 LSB and 150×45×1.6 
LSB. However, in the detailed parametric study reported in the following sections, 5 mm 
stiffeners are used as the difference in moment capacities is small.  
 
3.3. Parametric studies  
In this parametric study six different back to back LSBs with varying span lengths from 1.0 m 
to 10.0 m were considered. The fasteners used to connect back to back LSB sections were 
located at a spacing of span/6 while 5 mm stiffeners were placed at a spacing of span/3 on 
both sides. The parametric studies show that for short spans where local buckling occurs the 
effect of web stiffeners is almost non-existent. Similarly, as the span length increases the 
effect of lateral distortional buckling reduces and thus the strengthening effect of web 
stiffeners is small for long spans as lateral torsional buckling governs the failure. However, 
the strengthening effect of web stiffeners is maximum for intermediate spans where lateral 
distortional buckling occurs. Figures 8 (a) and (b) show the typical deformation shapes of 
unstiffened and stiffened back to back LSBs at failure. 
 
 
 
 
 
 
 
4. DESIGN RULES 
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Figure 8: Typical failure mode of back to back LSBs with and without web stiffeners (span of 3 m) 
 buckling moments of back to back LSBs with web stiffeners. Elastic lateral buckling moments 
of stiffened back to back LSBs (Modw) were compared with the elastic lateral torsional 
buckling moments of unstiffened back to back LSBs (Mo6) to determine the effectiveness of 
web stiffeners in eliminating the effects of web distortion. Elastic lateral torsional buckling 
moments (Mo) of unstiffened back to back LSBs with continuous connections are calculated 
using Equation 1 while the corresponding elastic lateral torsional buckling moments of back 
to back LSBs with a fastener spacing of span/6 can be found using Equation 2. More details 
of these equations are given in [6]. 
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where, L – Length, E – Young’s modulus, G – Shear modulus of elasticity, Iw – Warping 
constant, Iyy – Second moment of area about minor axis, J – Torsion section constant, 
fs6 – Ratio of elastic buckling moments of LSBs with a fastener spacing of span/6 and 
continuous connections, fs6 can be calculated using Equation 3. 
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The buckling moment ratio (Modw/Mo6) was plotted against the lateral torsional member 
slenderness. A linear equation was developed to predict the Modw/Mo6 ratios using the 
corresponding lateral torsional member slenderness values (Eq.4) 
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, My – First yield moment (= 
Zfy), Modw – Elastic lateral distortional buckling moment of stiffened back to back LSBs 
 
Elastic lateral distortional buckling moment results obtained from finite element analyses 
(FEA) and the predictions of Equation 4 are compared in Figure 9. The comparison gave a 
mean value of 1.007 and a COV of 0.016, indicating that Equation 4 accurately predicts the 
elastic lateral buckling moments of back to back LSBs with web stiffeners.  
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Figure 9: Comparison of Modw/Mo6 with Equation 4 
 
It was also necessary to develop suitable design rules to predict the ultimate moment 
capacities of back to back LSBs with web stiffeners. The non-dimensionalised moment 
capacities of back to back LSBs with web stiffeners are within the scatter of the non-
dimensionalised moment capacity data of back to back LSBs without web stiffeners. Hence it 
is appropriate to review the suitability of the design rules (Equation 5) developed to predict 
the ultimate moment capacities of back to back LSBs without web stiffener first.  
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When Eqs. 5 (a) to (c) are used for back to back LSBs with web stiffeners, it is proposed that 
the member slenderness d is replaced with dw (=
odw
y
M
M
) where the elastic lateral 
distortional buckling moments (Modw) of back to back LSBs with web stiffeners are used.    
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Figure 10: Comparison of Ultimate Moments with Equation 5 
 The ultimate moment capacities of back to back LSBs with web stiffeners obtained from FEA 
were non-dimensionalised and compared with the developed design curve for the back to 
back LSBs without web stiffeners. These non-dimensionalised moment capacities and the 
predicted moment capacities using Equation 5 are compared in Figure 10. This comparison 
gave a mean value of 0.994 and a COV of 0.041 while the calculated capacity reduction 
factor was nearly 0.90, indicating that the same equations can be used to predict the ultimate 
moment capacities of back to back LSBs with web stiffeners.  
 
 
5. CONCLUSIONS 
 
This paper has described an investigation on the strengthening methods to improve the 
lateral buckling behaviour of back to back LSBs based on elastic buckling and nonlinear 
analyses using validated finite element models. Different connection methods including spot 
welding of outside flanges, use of “C” brackets connecting flanges and use of web side 
plates and different types of web stiffeners were considered. The results showed that the use 
of transverse web stiffeners was the most effective and simple strengthening method. The 
use of 3-5 mm transverse web stiffeners at third span points and supports was finally 
recommended which will effectively improve the lateral distortional buckling behaviour of 
back to back LSBs with minimum cost. A design equation was developed to calculate the 
elastic lateral buckling moments of back to back LSBs with the above recommended web 
stiffener configuration while the same design rules developed for unstiffened back to back 
LSBs were recommended to calculate the ultimate moment capacities. 
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